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Background and Purpose:  To determine the rate of agreement between a novice clinician and an 
expert clinician based on their ability to apply special tests from a clinical decision rule (CDR) 
for subacromial impingement syndrome (SAIS) proposed by Michener et al (2009). 
 
Design: One group, repeated-measures reliability study. 
 
Methods: Examination of 12 subjects with shoulder pain by a novice and expert rater included 
five SAIS tests: painful arc, Neer, Hawkins-Kennedy, empty can, and the external rotation test. 
A kappa analysis was performed to assess rate of agreement between examiners.  
  
Results: 100% agreement (K = 1.000) existed between novice and expert findings for the 
Hawkins-Kennedy test and the diagnosis of SAIS through the CDR. Moderate agreement was 
established for the painful arc test (K = 0.567), and fair agreement was indicated by the Neer (K 
= 0.316), Empty Can (K = 0.297), and External Rotation (K = 0.217) tests. 
  
Conclusions: The results of this study suggest usage of CDRs may normalize clinical knowledge 
between novice and expert clinicians in the physical diagnosis of SAIS.  
 





Shoulder pathology is a common etiology of pain and disability presented to physicians.5 
Shoulder pain accounts for 33.2% of physician office visits for musculoskeletal patients in the 
United States from 1995 to 2005.35 On average, 50% of the general population experience 
shoulder pain every year.32 Between 44-65% of shoulder pain reports are related to subacromial 
impingement syndrome (SAIS).14,28 
The subacromial space is defined inferiorly by the humeral head and superiorly by the  
under the surface of the anterior third of the acromion, coracoacromial ligament and the 
acromioclavicular joint.28 The space between the acromion and humeral head ranges from 1.0 to 
1.5 centimeters as seen on radiographs.28 In this space lies the rotator cuff (RC) tendons, the long 
head of the biceps tendon, the subacromial bursa, and the coracoacromial ligament.4 Any 
abnormality that disturbs the relationship of these subacromial structures may lead to SAIS.4  
SAIS is defined as an encroachment of the subacromial tissues as a result of narrowing in 
the subacromial space and represents a spectrum of pathology ranging from subacromial bursitis 
to (RC) tendinopathy and full-thickness rotator cuff tears.26 SAIS is a common complaint for 
patients of all ages and different activity levels.21 The main consequences of SAIS are functional 
loss and disability, most commonly from RC tendinopathy.15,22 Mechanisms of RC tendinopathy 
have been classically described as extrinsic, intrinsic, or a combination of both. It is theorized 
that with intrinsic impingement, partial or full thickness RC tears are the result of degeneration 
from overuse, tension overload, or trauma.22 Extrinsic impingement occurs as a result of 
mechanical compression by external structures causing inflammation and degeneration of the 
tendon.17 Narrowing of the subacromial space is not a hallmark finding in SAIS but degeneration 
within the tendon is.27 An understanding of the anatomy of the RC tendons and the underlying 
pathogenesis aids in the diagnosis of SAIS.5  
There exists a wide variety of physical examination tests which are used to diagnose 
SAIS in clinical trials. A subset of tests examine for possible symptoms with compression of the 
RC tendons in the subacromial space, contraction of supraspinatus muscle, and contraction of the 
infraspinatus muscle. The studies which examine the psychometrics of the these tests have 
provided varying results.9,18,21,25 The limitations of the studies include use of a reference standard 
that has its own error, a retrospective design, and non-blinding of the examiner who determined 
the reference standard.21 Studies examining the reliability of SAIS diagnoses have also lead to  
wide range of results, with poor to almost perfect agreement (Kappa 0.18 to 1.0).13,19,21,24  
Recent research supports the use of positive test clusters, termed clinical diagnostic rules 
(CDRs), for improving the clinical diagnostic accuracy for SAIS.21 Michener et al.21 used highly 
trained clinicians to perform the SAIS specialty tests.21 In the article, a cluster of 3 + of 5 tests 
produced a sensitivity of 0.75 and specificity of 0.74 with a +LR of 2.93.21 The test cluster 
included the painful arc test, Neer impingement test, Hawkins-Kennedy test, empty can test, and 
the external rotation test.21  CDRs such as the one proposed by Michener assist clinicians in 
making a diagnosis, establishing a prognosis, and in the implementation of interventions.3 
Several other shoulder pathologies that have similar patterns and findings with physical 
examination can be mistakenly diagnosed as SAIS, thus further exemplifying the need for CDRs 
in diagnostic testing within the physical therapy setting.2  
Inter tester-reliability between novice and expert raters has not been reviewed in regards 
to the diagnosis of SAIS as assessed by the current literature base. Current research articles 
specify the use of expert clinicians as it is assumed that the expert clinicians are more accurate in 
execution of tests and measures with pattern recognition.20 Pattern recognition is an alternative 
model of clinical reasoning that is based on recognition of patterns from clinical presentations.20 
In this model, if the current patient presents similar to patients who previously demonstrated 
successful outcomes, similar management techniques are utilized.20 Expert clinicians possess 
enhanced recall and also engage in ‘forward’ reasoning.7 This refers to the finding with routine 
problems in which experts tend to work forward from the given information to a solution to the 
problem.7 Expert performance may be the result of vast amounts of knowledge and pattern based 
retrieval acquired over many years of experience in the associated domain.7  
The question exists if clinicians without advanced musculoskeletal training and 
experience can replicate similar diagnostic accuracy. A gap in knowledge exists regarding the 
ability of a non-expert in musculoskeletal disorders in the application and accurate interpretation 
of the SAIS CDR. Thus, the purpose of the study is to determine the inter-rater reliability 
between a novice clinician and an expert clinician in regards to the application and interpretation 




The study design was a one group, repeated-measures reliability study approved by Angelo State 
University’s Institutional Review Board. Participants with chief complaint of shoulder pain were 
recruited through two local physical therapy clinics. Each participant’s rights were safeguarded 
by an informed consent, which was read and signed. Before the examination, a medical history 
was completed by participants to ensure inclusion and exclusion criteria. Participants signed a 
waiver and agreed to withhold any history of their shoulder pathology to the examiners to 
eliminate bias. Testing was completed in a private examination room that allowed autonomous 
assessments by each examiner. One examiner was a novice clinician in his third year of physical 
therapy school. The second examiner (expert) was a fellowship trained orthopedic manual 
physical therapist with 32 years of clinical experience. No materials were needed as this study 
utilized manual contacts from the clinicians. 
 
Participants 
A purposive sample of 12 subjects, 4 males and 8 females, a total of 13 shoulder pathologies, 
with one female participant having bilateral shoulder involvement.  Mean age of the participants 
was 60.1 (± 12.06) years with a range of 43–81 years.  Eligibility criteria included adults aged 




The CDR proposed by Michener et al.21 was utilized, which consisted of 5 impingement shoulder 
tests. To be consistent, the order of the tests given by each examiner was: painful arc, Neer, 
Hawkins-Kennedy, empty can, and lastly external rotation resistance test utilizing the methods as 
described by Meichner et al.21 Each clinician read the article and completed his exam based on 
the instructions illustrated in the article. No training or practices were performed prior to testing 
participants. The order of which the clinicians examined the participants was randomized 
through a randomization engine, Research Randomizer.29 
 The painful arc test was performed by asking the participant to actively abduct their 
shoulder, reporting any pain. If pain was reported between 60° and 120° of abduction, the test 
was considered positive. The Neer test was performed by stabilizing the superior aspect of the 
scapular spine with an inferior force while passively fully flexing the shoulder, applying 
overpressure at the sign of first resistance. A positive test was noted as reproduction of pain near 
the acromioclavicular joint. The Hawkins-Kennedy test was performed with the examiner flexing 
the participant’s shoulder and elbow to 90° then maximally internally rotating the shoulder, 
applying overpressure at the sign of first resistance. A positive test was noted as report of pain in 
the superior shoulder. The empty can test was performed by elevating the subject’s shoulder to 
90° in the scapular plane and then asking the participants to rotate the shoulder until his/her 
thumb pointed toward the floor.  The examiner then applied an inferiorly directed force at the 
wrist while the participants attempted to resist. A positive test was recorded as weakness or pain 
in the involved shoulder. The external rotation resistance test was performed by placing the arm 
at the participant’s side and flexing the elbow to 90°.  A medially directed force was exerted on 
the distal forearm to resist shoulder external rotation.  A positive test was classified as weakness 
or pain of the involved. All tests were scored on a dichotomous scale. Participants were given a 




SPSS for Windows version 19.0 (SPSS Inc, Chicago, IL) was used for all statistical analyses.  
Descriptive statistics were used to examine the measure of agreement utilizing the kappa analysis 
coefficient. Kappa values < 0.20 have a poor agreement, 0.21 - 0.40 have a fair agreement, 0.41 - 




A total of 13 subjects (60.08 ± 12.06 years old; 4M, 8F; 43-81 years old) participated in the 
study.  Table 1 illustrates the results recorded by the novice and expert clinicians in regards to 
the test performed and the resulting diagnosis of SAIS. Table 2 illustrates the results of the SPSS 
kappa analysis from for each test and the resulting diagnostic assessment.  
The novice and expert demonstrated 100% agreement (K = 1.000) for the Hawkins-
Kennedy test and the diagnosis of SAIS through the application of the CDR (+3/5 tests). 
Moderate agreement was found for the painful arc test (K = 0.567), whereas the Neer (K = 




This study demonstrates that even though a difference in the rate of agreement exists for the 
majority of individual tests between novice and expert, the CDR still demonstrated 100% 
agreement. This result speaks to the importance of a CDR with the fact that each examiner read 
an article, and regardless of experience in the clinic, came to the same conclusion. Cook et al.6 
suggested that well-constructed CDRs can improve clinical decision making and practice, which 
is evident in this present study. 6,26 Furthermore, the diagnosis of shoulder pathology is complex 
and requires more than one test secondary to the limited diagnostic accuracy of each individual 
test.1,8 
 Of the tests that were administered by the examiners, the Hawkins-Kennedy provided the 
greatest agreement at 100%. There is large variability in research in regards to the inter-tester 
reliability of the Hawkins-Kennedy test.  Ostor et al.24 demonstrated a K = .18-.43 using 
clinicians of varying levels of training.24 Whereas, May et al.19 performed a systematic review of 
physical examination tests of patients with shoulder problems, and found that the inter-tester 
reliability  ranged from 0.18-0.91.19 The agreement that was demonstrated in this study could be 
secondary to the straightforward nature of the Hawkins-Kennedy test. 
 The painful arc test’s agreement of 0.567 is within the range found in current research in 
regards to inter-rater reliability. May et al.19 found the range of reliability scores from a 
systematic review was between 0.47-0.93. Michener et al.21 found reliability score of 0.45.19,21 
Painful arc is dependent on the description given by the clinician, and the patient following those 
directions.  The experience garnered by the expert clinician in administering the test most likely 
has allowed for a scripted description to increase consistency that the novice has yet to develop. 
The tests that had the greatest variability in performance and require the clinician to make 
a clinical decision, (Neer, empty can, and external rotation) showed the least amount of 
agreement in this study. Each of these tests required the clinicians to utilize an amount of 
pressure or stabilization that they choose.  The expert clinician has performed these tests on 
numerous patients previously and may be less apprehensive in their application of force in order 
to accurately perform the tests. This is consistent with the current research in which the 
reliability variables range from 0.1-1.00 for Neer, 0.44-.94 for the empty can test, and 0.18-0.45 
for the external rotation test.19 Jensen et al.11 suggested that expertise and consistency with tests 
develops when the clinician tests and refines propositions, hypothesis, and principle-based 
expectations in practical situations.11 Each of the values from this study fall into the range found 
in the research except for the empty can test. This could be the result of inconsistency of testing, 
and lack of experience by the novice with shoulder pain/SAIS patients. 
 In regards to the reference article from Michener et al.21 in which the CDR was based 
from experienced clinicians, the results of the kappa analysis differ from the current study and 
are illustrated in Table 3. Michener et al.21 found the greatest rate of agreement from the external 
rotation test, and the least was the Hawkins-Kennedy test.21 The opposite was true in regards to 
the agreement in this study between the novice and expert clinicians.  This could be a result of 
clinical decision making, expert clinicians using a directive factor approach, or novice clinician 
having a lack of experience.34 May et al.19 demonstrated that there is a significant lack of clinical 
reasoning that exists with the novice therapists. Novice therapists utilized hypothetico-deductive 
reasoning only whereas the expert therapists utilize pattern recognition and hypothetico-
deductive reasoning to form a diagnosis.20 Experience in the clinic provides the novice with the 
ability to transition to use hypothetico-deductive reasoning with pattern recognition to provide 
more accurate diagnoses from both the history and physical examination.20  
Diagnostic values of various tests for SAIS vary considerably when considered 
individually.14 The research demonstrates mixed results in terms of the sensitivity, specificity 
and reliability of physical tests for SAIS.19,25 In a systematic review performed by Hughes et al.10 
examined the sensitivity and specificity of shoulder impingement tests.  The Hawkins-Kennedy 
test’s sensitivity and specificity range from 71.5%-100% and 23.0%-66.3% respectively. The 
Neer Impingement’s range from 59.3% - 91.6% and 28.5% - 68.7% respectively. The painful 
arc’s range from 9.5% - 75.8% and 47.0% - 88.4% respectively. The empty can’s range from 
32.1% - 98.5% and 40.0% - 89.9% respectively. Lastly, the external rotation’s range from 19.4% 
- 84% and 53% - 90.1% respectively.10This variability demonstrates that the individual tests 
cannot be performed to determine rule in/out criteria with confidence and a CDR would provide 
the clinician with the best clinical diagnosis.  
 There are some limitations to this study. The first limitation is the small sample 
population (n = 13). Second, all subjects were older than 43, therefore neglecting those in the 
younger age bracket. The results from this study are more indicative of a population with joint 
degeneration as opposed to traumatic injury. A third limitation to this study was the noticeable 
age difference between the expert and novice examiners, making participant blinding to the level 
of experience of the examiner a non-option.  
  
CONCLUSION  
In conclusion, the results of this study suggest that CDRs may help normalize clinical reasoning 
and physical diagnosis between novice and expert clinicians. Specific tests to diagnose SAIS 
demonstrated decreased inter-rater reliability between novice and expert clinicians in comparison 
to the CDR attesting to the strength of the CDR. The Hawkins-Kennedy test was the only test to 
provide excellent agreement between the novice and expert clinicians. Therefore, the Hawkins-
Kennedy test may be the most reliable single test for subacromial impingement between novice 
and expert clinicians. The data gathered from this study, though limited, demonstrates the need 
for further research in the comparison of a novice and expert clinician in the application of a 
CDR to compare their results to one another. 
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Table 1: Expert vs. Novice Test Results 
Test Novice Total 
Negative Positive 
Painful Arc Expert Negative 2 1 3 
 Positive 1 9 10 
Total 3 10 13 
Neer Expert Negative 1 0 1 
 Positive 3 9 12 
Total 4 9 13 
Hawkins-
Kennedy 
Expert Negative 2 0 2 
 Positive 0 11 11 
Total 2 11 13 
Empty Can Expert Negative 2 3 5 
 Positive 1 7 8 
Total 3 10 13 
External 
Rotation 
Expert Negative 3 3 6 
 Positive 2 5 7 
Total 5 8 13 
CDR Expert Negative 3 0 3 
 Positive 0 10 10 
Total 3 10 13 
Total Expert Negative 13 7 20 
 Positive 7 51 58 
Total 20 58 78 
 
 
Table 2: Kappa Analysis Symmetric Measures 







Painful Arc Measure of Agreement Kappa .567 (0.03,1.00) .273 2.043 .041 
N of Valid Cases 13    
Neer Measure of Agreement Kappa .316 (-0.18,0.81) .253 1.561 .118 
N of Valid Cases 13    
Hawkins-
Kennedy 
Measure of Agreement Kappa 1.000 (1.00, 1.00) .000 3.606 .000 
N of Valid Cases 13    
Empty Can Measure of Agreement Kappa .297 (-0.22,0.81) .263 1.145 .252 
N of Valid Cases 13    
External 
Rotation 
Measure of Agreement Kappa .217 (-0.31,0.74) .269 .792 .429 
N of Valid Cases 13    
CDR Measure of Agreement Kappa 1.000 (1.00,1.00) .000 3.606 .000 
N of Valid Cases 13    
Total Measure of Agreement Kappa .529 (0.31,0.74) .110 4.675 .000 
N of Valid Cases 78    
a. Not assuming the null hypothesis. 












Table 3: Comparison with Michener et al. 
Inter-tester Kappa Reliability Coefficients 
Test Results Michener et al. 
Painful Arc 0.567 0.45 
Neer 0.316 0.4 
Hawkins-Kennedy 1 0.39 
Empty Can 0.297 0.47 
External Rotation 0.217 0.67 
 
 
